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*$&w<d& (vi 1 1) & tz. (vi i r ) T-^t $ tis ytmrnft+m^-am^mz it 

, (1) ~ (6) tf<££tl2> a 

[0 0 8 1] 
(X@ 1 ) 
?k<Z>i% (I) : 
[{b3 8] 



d 




( I ) 



b 



[0 0 8 2] 

U Xte, -O-, -S-, >NR 101 (m-, R 10 i^> H££&y;i/3f;i/* 
Sr^fc-To ) , CH 2 ^^li#M^$:^t3b. Yti, = O. = S £ 2 H 
;foU ml*, 0 — 4 CDUffcSrigfcU n it. 0 ~ 6 £>g$i£^i;fo U .Z ^i, 5 
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Ut 3 9 ] 

D SR 3 x E -ztite eJ 

SR 3 S 

[0 0 8 3] 

*i£:£MM£#A1-£X3S{CJ; y, #c©5£ (II) (II' ) : 

[ft4 0] 




(N) (id 

[0 0 8 4] 
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[0 0 8 5] 

[0 0 8 6] 
[0 0 8 7] 

u=EKyHy^ t°U^>^) (ca«$rg«$i±-g» -Bfe) d 

[0 0 8 8] 

^mm«, mA-r^g&m&m. mmm.. &mm) <z>mm mmiz, 
chci 3< tc, v >*-ft*itmfeitLtimM$:W:mz j ez>m 

6 0- 1 2 0W z.£.iz&Viiijvyj VymftizmA-?zz.ttfT*i*z> 

-ft^*mmz®feit-tz>Miz&mMitmA-? s*-£*>, mmoy^rxn oz. 

[0 0 8 9] 

~^MTvW£fi TT TXl^TiTT-vWzJi &WjF£Wmzr>&m izfcvx 

tCSil!B'rS#Xg<Z>H-??£ > m&atit&Jim&M-tZ. 
[0 0 9 0] 
(112) 

±IHXg 1 T'#^tlfcWlftffl^l/7^ 'J 7£<Z>5£ (III) : 
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[it 4: 1] 




(III) 



[0 0 9 1] 

{5£*ft, a, b, d, X, Y, m, n&tfZjtt, ±X*MfeVfe£3$VX'2bV, 
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(IV) 

[0 0 9 2] 
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[0 0 9 3] 

Ui?>^tfCH 2 ci 2 , *nn#/bA30 ic, (iim, i~5B#fS3 

mm) z.£K*vm-mM{*tfi&*>ti*. 

[0 0 9 4] 

(XfiS) 
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[ft 4 3] 




(V) 



[0 0 9 5] 

5 7 ffilE#2 0 0 3 -3 0 2 1 7 54 
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[0 0 9 6] 

Ii37fffi^SGr ubb silttt, Grubbs «r> IZ J; o TH#3)S£ tlfctf 

©lift fcffiv^hx* -r^^r h>, K*ifS*^*«;irlBSS:l#o^-l/7 

tfJftfT^S (Grubbs e>©^^ (T. M. Trnka, R. H. Grubbs, Acc. Chem. 
Res. 34, 18 (2001)) £#Hg) . 
[0 0 9 7] 

Xl3©^i^^ti/XS^}t GrubbsilM CH 2 C1 2 

, vuu*)\,um) izn:m2T*mbnf~m-mm{k*:mm (is, 5-2030 

[0 0 9 8] 

u >jss<o*U7-f >«p^©raTjBr j£ (iino* v-* v 
<Z) n >7> - * - gS#TcX£ =b <D t*W& . 

[0 0 9 9] 
(X^4 : ftjgXg) 

&fiTS7K;i/7>r y >Mi:, ±13^: (in) tsisns^ v-* yjt^T-n 
^#Ss«tfti^:*sK;i/7-f y >0-^©^;i/7-f y y&mt*. gHfi^icj: yjg 
ML, mxa«# (±12^; (IV) x&« (IV )tcfc^T, p tt, 2jgt±©«E»& 

ubbsmm<D&&Tizmm***i/xRmt<-&. m&mr.mmfa (xia^ (v) 
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[01 0 0] 

[0101] 

[0102] 
(XS5) 

T?#e)tifcH^b*q«*#©5S*»cffi«"r«jK^7-r y>3Sist, <vi 

) : 
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[it 4 4 ] 




(VI) 



[0 10 3] 

(5£*, Z v M, X, Y, m, n, a. bMdlt, ±T'MfeVt=.£l3VZ& 

tttf>/}Oi/7w y 2o<z>@jftM-£ic<fc yaasu #ctf>5£ (vii) xtesS 

(VII*): 



aj|£#2 003-3021754 



#2003-054719 




ffiSE#2 003-3021754 




2003-3021754 



#2003—054719 

[0 10 6] 

[0 10 7] 

(116) 

u ^la&^is^Tfiajt'fbu (vnn x« (viir): 



ffi£E# 2003-3021754 



#2003—054719 




ffiK# 2003-3021 754 



#2003—054719 



[ft 4 8] 




[0109] 
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[0 110] 

nmevmrn* zti/TsKm^ jinz&mm* a H«©*frT 

[0 111] 

ommm &mm-t&&. *$&m&z.nt><D mmwiz m%. z n & % <z> x- it 

[0 112] 

<H»J l > 

(i-i) tffryj vy&3-<D&j& 

(l-i-i) -mmft 

x^h^^7-r-». #^;i/60(Merck)££ttlCffiV^ o ?|£Ji* 
D? hy?74 -(TLC)©fi#ttS/U*^60F 254 (Merck) */K-/ htf)*£ 

fflic tea vyteWyZymio ; -jvmwt. UY2§ft(short 254 n 

m, long 365 nniJ&iiLfe. NMRX^ h ;W£CDC1 3 &£ V^iDMSO-dgtCfflPr&tg 
j|?U h^^^;i/^^>(TMS)5:Wgp^TOei: IT, l£»teJE0L JNM EX 270 
4Hfc#K270 MHz)££kUE0L ECP 600#ftff(600 MHz) £M V%T«M£ 1/ Sfc#l» 
JRUR)*'** h;W£-3 l/-AVATAR320ES£fflW KBr&l&f&lCTM/t Lfc„ SSg* 
-Wm (UV-VIS) tT^Z b)UZ A^UV-3'i6bPC iz;H«g&SlO mmi fettFm 

*^«ftctiv h ^xJlu-f-ffiil^^^MT^rMaifM (MALD 

I-TOF MS)&lC<fc U?To£:„^fi£ IT Per Sept ive Biosystems VoyagerDE-STR& 
til, ^l/- MCf*^*: i: fclCV h U LTDithranol(Aldrich)£^ 

[0113] 

(1-1-2) J£TF<£;**-AAlC^Ml£lC«fcy, tfS^A- 5 
[0 114] 
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[it 4 9] 
Br(CH 2 ) 10 OH + (' y-CHO 



Ad 




K 2 C0 3 



p-TsCI / pyridine 
CHCU 



DMF 



TsO(H 2 C) 10 O 

O-CHO 

TsO(H 2 C) 10 O 

A-4 



HO(H 2 C) 10 Q 



HO(H 2 C) 10 O 



Ts= 



A-3 



6 




CH 3 



AcSK 



EtOH 



AcS(H 2 C) 10 O 

Q^CHO 
AcS(H 2 C) 10 O 



[0 115] 

3,5-Bis(10-hydroxydecyloxyl) benzaldehyde A-3 

10-Bromodecane-l-ol A-l 4.47 g(18.8 mmol, 2.2 eq.)(7)DMF 100 mLCO^W.^ 
3, 5-d i hydr oxybenza 1 dehyde A-2 1.18 g (8.56 mmol), KgCOg 6.15 g (44.5 mmo 
1, 5.2 eq.)£Jn;*.TM5fi#ffl^T50 W481%®MWLfc.mmzmi,r=.&.. *5 
0 mL&;&D;*.TjKj£&#jfcU ^$US £ X-^;i/T*ttffi (100 mLX3) L£ 0 mW, 

mztt&x. mmikm.y^x^L, M*Na 2 so 4 T'^Lfe 0 ^m^^^v- 

#-T*l&:£U ^&<«ft;A-3£#fe. SffilK* 4.418 g CICDMT'teHSg-tfrT 
[0 116] 

TLC R f = 0.63 (mm^m : CHCl 3 /MeOH = 10/1, ^ffi : UV 254 nm, U Zf 
1 H-NMR (270 MHz, CDClg) 8 9.88 (s, 1H; H a ) , 6.98 (d, J = 6.0 Hz, 2H; H b ) 
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, 6.70 (t, J = 6.0 Hz, 1H; H c ), 3.98 (t, 4H; H d ) , 3.62 (t, J = 16.8 Hz, 
4H; H e ), 1.85-1.26 (m, H f ) . 

^M^CDlO-Bromodecane-l-ol^^o T tf)7?He, Hf ©flteHtW:— St U & Vn 0 
[0 117] 



[0 118] 

3,5-Bis [10-(p-toluenesulf onyloxyl)decyloxyl] benzaldehyde A-4 
5fc*IS0>A-3 2 g (4.44 mmol) &Chlorof orm 50 ■UCjjSfrb , p-TsCl 3.38 g ( 
17.8 mmol, 4 eq.) , pyridine 1.40 g (17.8 mmol, 4 eq. ) *M7L £o *§?£&0 
VZ'MWV, 9^Wfi|SS*fe. MJ&?§?£ (50 mLX3) U NaHCOgT* 

^7KNa 2 S0 4 lC^*(DNa 2 C0 3 $:in^T^bfeo *«ES:X/<jK I/- # -T? 
l»*U*l/>^©at#&»&. r©ffi^4»&5/U*^*9A(CHCl 3 / hexa 
ne=3/2)T'filt, mMGL*^ ;i/^tf>A-4$:#fc 0 42* 2.20 g (JR^S 65 X) 
[0 119] 

TLC R f = 0.34 (Jg^^ : hexane/EtOAc = 3/1, tfeffl : UV 254 nm, y -f 

1 H-NMR (270 MHz, CDC1 3 )S9.89 (s, 1H; H a ) , 7.79 (d, J = 8.4 Hz, 2H; H b ) , 

7.34 (d, J = 8.1 Hz, 2H; H c ) , 6.98 (d, J = 2.2 Hz , 2H; H d ) , 6,69 (t, J 

= 2.4 Hz, 1H; H e ), 4.04-3.96 (m, 8H; H f ) , 6,69 (s, 6H; H g ) , 1.81-1.25 ( 

m, 32H; H h )„ 

[0 12 0] 
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OCH2(CH 2 ) 8 CH 2 OH 
d f e 
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OCH 2 (CH 2 ) 8 CH 2 OTs 



CH 3 



OCH2(CH 2 )8CH 2 OTs 
f h f 



b c 



[0121] 

3 , 5-B i s ( 1 0- th i oace t y 1 decy 1 oxy 1 ) benz a 1 dehyde A-5 

3,5-Bis [10-(p-toluenesulfonyloxyl)decyloxyl] benzaldehyde A-4 800 mg ( 
1.05 mmol)^ ethanol 40 mLlZWfrL. ^XBMti U ^A361 mg (3.16 mmol, 
3 eq.) ZMX-21&mMW. MffiLfco ^tSlCM LT^^^MtC^20 mLZMx.. 
i;xf;i/x-f;i/ (50 mLX3) TfttffiL/fe. x-^;bjf £ * H &>TMftl&i&7kX° 
m&%k. *l*Na 2 S0 4 T?$g*SIL*«CS:xAs}<l/-4t-7?|»*Lfc. £ *U J: »J * - 2? 
:a.£itf)@#A-5£#£ 0 IR*447 mg (JR3S75 X) 

TLC R f = 0.72 mffl&m : hexane/EtOAc = 3/1, ^ffi : UV 254 nm, V y^V -f 
[0 12 2] 

1 H-NMR (270 MHz, CDClg) 8 9.887 (s, 1H; H a ) , 7.263 (d, 2H; H b ) , 6.981 (t, 
2H; H c ), 3.982 (t, J = 6.75 Hz, 4H; H d ) , 2.863 (t, J = 7.02 Hz, 4H; H g ) 
, 2.321 (s, 6H; H f ), 1.812-1.305 (m, 32H; H g ) 
[ 0 12 3 ] 
[fC5 2] 

b OCH 2 (CH 2 ) 8 CH 2 SCOCH 3 



[0124] 

(1-1-3) #T©**-ABicj*-r)M;ic<fc y, It^VdB- 3 £f#fe 0 
[0 12 5] 




OCH 2 (CH 2 ) 8 CH 2 SCOCH 3 
d 9 e f 
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[0 12 6] 

4-A1 lyloxy-l-butanol B-l ref. Kodama, I.; Kawada, M. ; Gevorgyan, V.; Y 
amamoto, Y. J. Org. Chem. 1997, 62, 7439. 

7kmiki- h V V 2* 1.5 g (61mmol) £ n-hexane X&c&VX THF 30 mL iZft 
ffcL, butanediol 22 g (249 mmol) &iTlt mmi%Wlst=.. allyl 

bromide 7.6 g (63 mmol) £ $ P> fC?gT b i^WTti^ b , 3^r»^ 

MSfe L (/< - *; &<z> Jltt^ h'J^^^ffi). ?Mc& v a xixfa & Wit V x mm 

zftMv, zbizTkmz Et 2 o xmia,^x%<Dmmtm^:xmmxnmv, mm 

MJE^(79-82 'C/0.3 kPa) iZXmWl Li&&mW<Z>mfo*mfc 

Turn. 8 g, jr^~82 ~%Y'o~' ~~ 

[0 12 7] 

^H-NMR (270 MHz, CDC lg) 5 1.64-1.72 (m, -(CH 2 ) 2 -, 4H) , 2.68 (br, -OH, 1H) 
, 3.48 (t, J = 6.0 Hz, -0CH 2 -, 2H) , 3.64 (t, J = 6.0 Hz, -CH 2 0H, 2H) , 3. 
99 (dd, J = 5.9, 1.4 Hz, CH 2 =CHCH 2 0-, 2H) , 5.20 (d, J = 10.5 Hz, /8-cis- 
allyl, 1H), 5.37 (dd, J = 17.3, 1.6 Hz, £ -trans-al lyl , 1H) , 5.91 (m, a 
-allyl, 1H) 

[0 12 8] 
4-A1 lyloxy-l-butanal B-2 

-80 °C IZftfflLfz. oxaryl chloride (5.8 mL, 66 mmol) <D CHCl- 123 mL ?g 
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miZ DMSO 13 ml (246mmol) IZM^.X 3&mffiWL, Hra^T4-al lyloxy-1 

-butanol 6.8 g (52 mmol) £#[J;L£. 15ftmW>W h tc%k , tr iethylamine 43 mL 
(594 mmol) &SSflD b T^SfCJi l> tjitfi £ £ IC 10B£Wffc# U . ^S*&i0 

t«i?«»Ufe. **Si«ffie5fiLT«J|ft*#S:#fc(JRJI6.0 g, iRap 90 
X). 

[0129] 

1 H-NMR (270 MHz, CKlg)8 1.93 (m, -CH 2 CH_ 2 CH 2 -, 2H) , 2.54 (m, -CHgCHO, 2H 
), 3.47 (t, J = 5.9 Hz, allyl-0CH 2 -, 2H) , 3.99 (ddd, J = 5.1, 1.4, 1.4 H 
z, CH 2 =CHCH 2 0-, 2H), 5.17 (dd, J = 10.5, 1.9 Hz, £-cis-allyl, 1H) , 5.25 

(dd, J = 15.4, 1.6 Hz, 0-trans-allyl, 1H) , 5.91 (m,a-allyl, 1H) , 9.78 

(s, -CHO, 1H). 
bp. 45-48 "C/0.3 kPa 
[0130] 

meso-(3-Al lyloxypropyl) dipyrromethane B-3 

4-allyl-l-butanal 6.0 g (47 mmol) & 60^40) pyrrole (200 mL) IZ&M 
L, SIKA^U 0.1^*(Z)TFA 0.362 mL (4.7 mmol) ZWitULT 17B# 

ftmm&h, fi^iifc. mm&mmm&L, mwa pyrrole zmmmmx* 

HHK l/fc. 5/ 0 3& tfjli]^ A (hexane/ethyFacetate 5/1 v/v7 TLC R f = 0.28) 

nm^m^<DMmm.s g zmfcv&m si %). 

[0131] 

1 H-NMR (270 MHz, CDClg) 6 1.58 (m, -CH 2 CH_ 2 CH 2 -, 2H) , 2.04 (m, -CH 2 CH 2 -dip 
yrro, 2H) , 3.43 (t, J = 6.2 Hz, allyl-0CH_ 2 -, 2H) , 3.93 (t, J = 1.4 Hz, C 
H 2 =CHCH 2 0-, 2H), 4.02 (t, methine, 1H) , 5.16 (d, J = 10.5 Hz, /3-cis-all 
yl, 1H), 5.25 (dd, J = 17.1, 1.4 Hz, £ -trans-al lyl , 1H) , 5.89 (m, a-al 
lyl, 1H), 6.05 (s, 3,3' -pyrrole ring, 2H) , 6.14 (m, 4,4' -pyrrole ring, 2 
H), 6.62 (s, 5,5' -pyrrole ring, 2H) , 7.88 (br, NH, 2H) 
[0 13 2] 
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(1-1-4) MT<D7.*c-J*ClZijk?fcJ&\Z£*K fb^tC-3S#fc, 
[0 13 3] 
Hb5 4] 



CHO 
N NMe 



-NH HN- 



.O(CH 2 ) 10 SAc 
OHC-O 

~X>(CH 2 ) 10 SAc 



A^5 



TFA/Chloranil 



CHCI 3 N e 



_,O(CH 2 ) 10 SAc 




C-1 



sat.Zn(OAc)2-MeOH ^-N^ ^ 



CHCI 3 




O(CH 2 ) 10 SAc 
O(CH 2 ) 10 SAc 



C-2 



KOH / MeOH 
N 2 . CHCb 



conc.HCI-MeOH 
N 2 . CHCI3 




^O(CH 2 ) 10 SH 
\ ■ O(CH 2 ) 10 SH 



C-3 



[0134] 

5 , 15-B i s (a 1 1 y 1 oxypr opy 1 ) -1 0- [3 , 5-b i s ( 10- th i oacet y 1 decy 1 oxy 1 ) pheny 1 ] -20- ( 
l-methyl-2-imidazol) porphyrin C-1 

2-Formyl-l-methyl imidazole 142 mg (1.29 mmol , 1 eq.) fcCHClg 250 mLiC 
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L£:?£MlCmeso-(alIyloxypropyl)dipyrromethane B-3 612 mg (2.59 mmol, 
2 eq.), 3,5-bis(10-thioacetyldecyloxyl)-benzaldehyde A-5 733 mg (1.29 m 

moi, leqjsAnx., mmx* zio-frmtyczih/vfd. zommzmmmn urtrif 1 

uoroacetic acid 199 fiL (2.59 mmol, 2 eq.) &#D;t^ili#ffl^CT, M^L^iS 
T*5f%mMWLf~o 2 *>&C, gftffcSfi: LTp-chloranil 954 mg (3.88 mmol, 3 eq. 
)*lMitT- BMW U T£J£ & »T L . & * © * * Ss V 77 ¥ )\s fcii h X 

, A7A^07 - (?§gt?£CHCl 3 -» CHCl 3 /acetone = 9/1, v/v)lC«fc 

(^H?gCHCl 3 / acetone = 9/1 ->CHC1 3 / acetone = 1/1, v/v) lCTTLC-£R f 
= 0.40 mmmm : CHC1 3 / acetone = 9/1, v/v) £#J& L TC-1 &JM£ L 

UK* 59.6 mg (JR^ 4.1 %) 0 
[0 13 5] 

TLC R f = 0.40 mmmm : CHClg/acetone = 9/1, ^ffi : UV 365 nm, l^U) 
1 H-NMR (600 MHz, CDClg) 8 9.53 (d, J = 4.8 Hz, 2H; Por'/8 ) , 9.47 (d, J = 4 
.8 Hz, 2H; Por£), 9.00 (d, J = 4.8 Hz, 2H; Por/S), 8.77 (d, J = 4.8 Hz, 
2H; Por/S), 7.69 (s, 1H; imidazole ring), 7.48 (s, 1H; imidazole ring), 
7.39 (s, 1H; phenyl), 7.30 (s, 1H; phenyl), 6.91 (s, 1H; phenyl), 6.08 
(ddt, J = 6.0, 9.6, 16.2 Hz, 2H; AllyljS), 5.42 (dd, J = 1.8, 16.2 Hz, 2 
H; Allylr), 5.23 (dd, J = 1.8, 9.6 Hz, 2H; Allylr), 5.10 (t, J = 7.2 H 
z, 4H; CH 2 a), 4.12 (m, 4H; phOCHg-) , 4.08 (m, 4H7 Allyl a)~, 3.66 (t7 , 
J = 4.8 Hz 4H; -CH 2 0Allyl), 3.40 (s, 3H; NCH 3 ) , 2.83 (m, 4H; -CHgSAc) , 2 
.79 (m, 4H; CH 2 /S), 2.28 (s, 6H; -SCOCHg) , -1.88-1.25 (m, 32H; Alkyl) , -2 
.65 (s, 2H; inner proton). 

MALDI-TOF Mass 7.s<>; h JV (Dithranol) : m/z Found 1123.96 (M+H) + , Calcd ( 
C 66 H 86 N 6°6 S 2> 1122 - 61 

UV-Vis (M% : CHC1 3 ) X max/nm : 419.0(0. 1109) , 516.0 

(0.0075), 554.5(0.0030) 588.5(0.0028), 649.0(0.0020) 

i&ybX^VhJV (»Jfc : CHC1 3 , A. EX :419nm) X m /nm (£3fc3fcaO : 653(211 . 0 
), 719.8(102. 1) 0 

7 3 {lja#2 0 0 3 - 3 0 2 1 7 5 4 
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[0 13 6] 

5,15-Bis(allyloxypropyl)-10- [3,5-bis(10-thioacetyldecyloxyl)phenyl] -20- 
(l-methyl-2-imidazolyl) porphyr inatozinc C-2 

28 mg (24.9 n mol) £CHC1 3 6 mUC?§fl?£-fr, ggftJl^M 
# 7 -;i/?g$U mL$:*II^2^ra«#bfc„TLC(JSM^ : CHClg/acetone = 9/ 

i,v/v){cfcHNTc-i^m^b, ^t»y{cR f = o.8o\zc-2tfmn f-cDX'jxmzmr 

#^<&££T*CHCl 3 T*»mL£:„ *«M£i;£*Tt&fa;&&*T*ffi#U fc* 
h U 9 At'^i L fc. & x AjK 1/ - 2 - U'j/'J*m5A 
h^77-f -Ml?* : CHCl 3 /acetone = 9/1 ,v/v) KXC-Z^mm V tc B JR 

* 26.6 mg (j&SfS 90 %). 
[0 13 7] 

TLC R f = 0.80 (mmmm : CHCl 3 /acetone = 9/1, : UV 365 nm, r^) 

1 H-NMR (600 MHz, CDClg) 8 9.62 (d, J = 4.8 Hz, 2H; Por/3), 9.51 (d, J = 4 
.8 Hz, 2H; Por/3), 8.95 (d, J = 4.8 Hz, 2H; Por/3), 7.87 (s, 1H; phenyl) 
, 7.31 (s, 1H; phenyl), 6.98 (s, 1H; phenyl), 6.19 (ddt, J = 6.0, 10.2, 
16.8 Hz, 2H; Allyl/3), 5.53 (dd, J = 1.2, 16.8 Hz, 2H, Allyl y ), 5.52 (d 
, J = 1.8 Hz, 1H; imidazole ring), 5.41 (d, J = 4.8 Hz,. 2H; Por/3), 5.34 

(dd, J = 1.2, 10.2 Hz, 2H; Allyl r), 5.23 (m, 4H; CH 2 a ) , 4.37 (t, J = 
772" Hz, 2H; PhOCH 2 -)7T.Wlddt7"j~"=~iT2, 6.0, 10.2 Hz, 4H; Allyla), 4. 
12 (t, J = 6.6 Hz, 2H; Ph0CH 2 -), 3.94 (m, 4H; -CH 2 0Allyl), 3.11 (m, 2H; 
CHg/S), 3.00 (m, 2H; CH 2 /3), 2.83 (t, J = 7.2 Hz, 2H; -CH 2 SAc) , 2.83 (t, 

J = 7.2 Hz, 2H; -CH 2 Sac), 2.32 (s, 3H; -SCOCHg) , 2.27 (s, 3H; -SC0CH 3 ) , 

2.12 (d, J = 1.8 Hz, 1H; imidazole ring), 1.67 (s, 3H; NCH 3 ) , 2.06-1.26 

(m, 32H; Alkyl). 

MALDI-T0F Mass h;i/ (Dithranol) : m/z Found 1185.89 (M+H) + , Calcd ( 

C 66 H g4 N 6 0 6 S 2 Zn) 1184.52 

UV-Vis ZK^V h/l : CHC1 3 ) X max/nm (BR3fcS) : 414.0(0.0851), 437. 0( 

0.0991), 566.0(0.0082), 618.5(0.0045) 
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MytXs<>7 h;i/ mm : CHClg, A ex : 437 nm) X m /nm (g^&g) : 622.8(167 
.5), 678. 2(55. 27) 0 
[0 13 8] 

5,15-Bis(allyloxypropyl)-10- [3,5-bis(10-mercaptodecyloxyl)phenyl] -20- 
(l-methyl-2-imidazolyl) porphyrin C-3 

C-2 26.6 mg(22.4 /t mol) £CHC1 3 / MeOH (= 4/1, v/v) ©ig-£?§g|10 mLlC^ 
^b5^WN 2 A^'J ylfVfe. Z1*UCK0H?£$[ (KOH 5 g + H 2 0 10 mL + MeOH 15 
,mL) C7)l mL&anAT^[ffl"e30^|SI»j^L/fc. MALDI-T0F MassX^? h;WCj:*JC- 

[0139] 

mmm^t-nm. mm<n&tfiM^fr&B&iz.mb-tz£x*conc.iici / MeOH c= 

1 / 10, v/v) 2mmMUVmWLf=. a MALDI-TOF Mass^Al? h;i/£J; 

UtTLC (CHClg / acetone = 9 / 1)T', Rf =0.400) gtt#C-3®£j5R&fl|» bfe.fi 
|SSI?RS:»MW7K(50 mL), #£WtK(50 ■L)T?8M*U zKJf&CHC^Jfiffib, 
a&KNa 2 S0 4 T?fg«bfe. *«C&oiAjK1/-*-T?|»*U JCSttfltt-* £ i: £ J: 
>JC-3£#fe 0 JR* 20.3 mg (JR^ 87 %) a 
[0 14 0] 

TLC R f = 0.40 mmmm : CHCl 3 /acetone = 9/1, ^{ii : UV 365 nm, rT^D 
_1 H-NMR (600 MHz, CDClg) 8 9.45 (d, J = 4.2 Hz , 2H; Por /3 ) , 9.39 (d, J = 4 
.2 Hz, 2H; Por/3), 8.92 (d, J = 4.2 Hz, 2H; Por/3), 8.70 (d, J = 4.2 Hz, 
2H; Por£), 7.61 (s, 1H; imidazole ring), 7.39 (s, 1H; imidazole ring), 
7.32 (s, 1H; phenyl), 7.22 (s, 1H; phenyl), 6.83 (s, 1H; phenyl), 6.00 
(ddt, J = 6.0, 9.6, 16.2 Hz 2H; Allyl/S), 5.34 (dd, J = 1.8, 18.0 Hz, 2H 
; Allylr), 5.18 (dd, J = 1.8, 10.2 Hz, 2H; Allylr), 5.11 (t, J = 7.80 
Hz 4H; CH 2 a), 4.06 (m, 4H; phOCHg-) , 4.00 (m, 4H; Allyla), 3.58 (t, J 
= 6.0 Hz 4H; -CH_ 2 0Allyl), 3.31 (s, 3H; NCHg) , 2.71 (m, 4H; CH 2 /3), 2.40 
(m, 4H; -CH 2 SH), 1.81-0.77 (m, 32H; Alkyl) , -2.77 (s, 2H; inner proton). 
MALDI-TOF Mass 7.^^ h;i/ (Dithranol) : m/z Found 1039.68 (M+H) + , Calcd ( 



ffi!E# 2003-3021754 



#2003-054719 

C 62 H 82 N 6 0 4 S 2 ) 1038.58 

UV-Vis h;i/ : CHCI3) X max/nm iM^tM) ' 418.5(0.1128), 515.5 

(0.0059), 553.5(0.0024) 589.5(0.0022), 648.0(0.0018) ' 

m^X^? h>l/ (^ : CHCI3, ^ EX : 419 nm) X EM /nm (m^SM) : 653(177.3 
), 718. 6(84. 28)„ 
[0141] 

(1-1-5) MT<D**r-ADlZB?KmiZ£ y, fb£^D - 3 £#fc 0 
[0 14 2] 

[ff:5 5] 

O 

X 

o 




I 

K 



5,15-Bis(al 1 y loxypropy 1) -10- (4-formyl phenyl) -20- (1-methy 1-2- imidazolyl) 
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porphyrin D-l 

2-Formyl-l-methyl imidazole 225 mg (2.05 mmol, 1 eq.) £CHC1 3 400 mUC 
ffifr l/£?§?£{C5-(allyloxypropyl)dipyrromethane B-3 1.00 g (4.09 mmol, 2 
eq.), terephthal aldehyde 274 mg (2.05 mmol, leq. ) ZfiUZ-, MMJS X&10# 
fflVC&&A,f=.o Z.<DmWlKmi&m£. LTtrifluoroacetic acid 315 fiL (4.09 mm 
ol, 2 eq.)S:in^^#H^T, MX b^T'30^Km# L fc. 3 £ tc, $Hb#J 
i: LTchloranil 1.51 g (6.14 mmol, 3 eq.) £;&nA-Bfemf# £*ST L 

$L&^*OmW7K200 mL, ^7fc200 mLT'ffi^U 7KS fcCHClgT^ffi U $*7KNa 2 
S0 4 l?^L^o i/y*m5A^n7 hV^7J -(^HMCHClg — CHCI3 / 
MeOH = 9/1, v/v)i:j: »J # -;W&#£I!|£f»£l&£ U litf U #4* ;i/# 9 
A^D7hy77^ - (*§g£$E CHCl 3 /acetone = 1/1, v/v) (CTTLCURf = 0.4 
8 (MP?a^ : CHCl 3 /acetone = 1/1, v/v) <Z)£MB£#itbTD-l$:#£ 0 65 
.3 mg 4.6 %)„ 

[0143] 

TLC R f = 0.48 mmmm : CHCl 3 /acetone = 1/1, ^ffi : UV 365 nm, aJU) 
*H-NMR (600 MHz, CDCI3) 8 10.41 (s, 1H; -CH0) , 9.55 (d, J = 4.2 Hz, 2H; 
Por/3), 9.51 (d, J = 4.2 Hz, 2H;. Por/3), 8.81 (d, J = 5.4 Hz, 2H; Por/3) 
, 8.80 (d, J = 5.4 Hz, 2H; Por/3), 8.42 (d, J = 7.2 Hz, 1H; phenyl), 8.3 
1 (t, 2H; phenyl), 8.28 (d, J = 7.2 Hz, 1H; phenyl), 7.69 (s, 1H; imidaz 
ole ring), 7.49 (s, 1H; imidazole ring), 6.08 (ddt, J = 6.0, 9.6, 16.2 H 
z 2H; Allyl/3), 5.43 (dd, J = 1.2, 17.4 Hz 2H; Allyly), 5.26 (dd, J = 1 
.2, 10.2 Hz 2H; Allylr), 5.01 (t, J = 7.20 Hz 4H; CH 2 a ) , 4.08 (m, 4H; 
Allyla), 3.66 (t, , J = 5.4 Hz 4H; -CHgOAllyl), 3.31 (s, 3H; NCH 3 ) , 2.2 
8 (m, 4H; CH 2 iS), -2.69 (s, 2H; inner proton). 

MALDI-T0F Mass h JV (Dithranol) : m/z Found 691.34 (M+H) + , Calcd (C 

43 H 42 N 6 0 3 ) 690.33 

UV-Vis h)V (mm : CHClg) X max/nm (©^^) : 418.0(0.8446), 515. 5( 

0.0455), 551.0(0.0222), 591.0(0.0147), 648.0(0.0120) 
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bJl (CHC1 3 1 EX : 418 nm) X EM /nm (^3fe&£) : 653.0(158.9) , 711 

.8(64.28). 

[0144] 

5,15-Bis(al lyloxypropyl)-10- [4-phenyl-2-(N-methyl) ful leropyrrol idinyl] -2 
0- (l-methyl-2-imidazolyl) porphyrin D-2 

D-l 37.5 mg (54.2 (i mo 1) & toluene 60 mL£?gft¥$13\ fullerene 78.1 mg ( 
109 /imol, 2 eq.)33J:tFN-methylglycine (sarcosine) 96.7 mg (1.09 mmol, 2 
0 eq.)&iUASSg#H»Tv M% 100 °CVl2mmMmLt^ B MALDI-T0F Mass 

*i/U^y;i/^7^A{Cjlb, ^^toluenecD^lffullerene^^aj bHHRLfeo M 
V^*§it?££CHCl 3 /acetone (= 9/1, v/v) lCLTTLCT?R f = 0.35(JS5g^ : CHC 
l 3 /acetone = 9/1 ,v/v) icffl^f 5ffcV> A> K fe^Ifc^ £ 3 £ (C i: U , D-2£#|t 
bfe.HX* 32 mg (IR^ 41 56) „ 
[0 14 5] 

TLC R f = 0.35 (mffl?gM : CHCl 3 /acetone = 9/1, ^ffi : UV 365 nm, aJU) 
MALDI-T0F Mass y^K^ h )]y (Dithranol) : m/z Found 1439.96 (M+H) + , Calcd ( 

C 105 H 47 N 7°2 ) 1437 * 38 

UV-Vis }>;b : CHCI3) X max/nm (l&ftS) : 419.0(1.0652), 516. 0( 

0.0582), 551.0(0.0277), 591.5(0.0184), 648.5(0.0140) 

m^X^^h;b (CHC1 3 X EX : 419 nm) * £M /nm (^§£$0 : 655.0(1.521) , 711 
.8(1.507) o 

[0 14 6] 

5,15-Bis(al lyloxypropyl)-10- [4-phenyl-2-(N-methyl) f ul leropyrrol idinyl] -2 
0- (l-methyl-2-imidazolyl) porphyr inatozinc D-3 

§i#H^TT'D-2 7.7 mg (5.35 # mol) £CHC1 3 15 mUC?§8?£-fc!\ ^fOM 
# y -;i/^Ml mL$r^D^^T'2^P^m^Lfe„TLC(Ji|gi^ : CHClg/acet 
one = 9/l,v/v)tc£V^D-2#M3cU Rf =0.85fCD-3#3g*l£(Z>T*,5l& £if&T L 
fc„ £J&?M&C? A &5 mUjDx.T, mftmW*. mW7kX'$t&L. 7K« 
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#U *!*Na 2 S0 4 ^SgfllLfe.i§«CS:xAjKb~dr-T»l6L/» y #>7*;i/# ^ 
A^D? h^57Y : CHCl 3 /acetone = 9/1, v/v) » £{C «fc 

UD-3&#ljtLfe. flX* 7.2 mg . 90 %) a 

[0 14 7] 

TLC R f = 0.85 (mmmm : CHCl 3 /acetone = 9/1, ^ffi : UV 365 nm, T*SU) 
MALDI-TOF Mass fx ji (Dithranol) : m/z Found 1502.77 (M+H) + , Calcd ( 

C 105 H 45 N 7 0 2 Zn) =1499.29 

UV-Vis 7,^9 (mm : CHCI3) X max/nm : 414.0(0.0824), 438. 5( 

0.1113), 565.5 (0.0099), 619.5(0.0063) 

Sbfe*** h;b (CHC1 3 A EX : 438 nm) A, EM /nm (^3fe&&) : 620.6(0.581) , 675 
.0 (0.300) „ 

[0 14 8] 

(1-1-6) aTcD^^r-AElC^-rM^iCj; fb^E - 6 
[0149] 
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Ut 5 6 ] 




E-6 



[0 15 0] 

meso- (methoxycarbony 1 e thy 1 ) d i pyr r omethane E-l 

* h^ri/A;i/^;^DAt-;i/ (11.6 g, 0.1 mol) i:tfn-;i/ (280 mL, 4 
mol) £ h ij yjlXumm (1.4 mL, 10 mmol)#£T, MW~t Z> 3 £ iZ <k o T-£ 
^Lfeo J/'JM^^nYh^?^ (hexane/EtOAc 5/1) JC J; otfll Lme 
so-(* h=^>#;t,^-;t/x^;i/)^fcfn* # >E-1£17 g (73%) T*#£ 0 
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* 

[0151] 

h NMR (600 MHz, CDCI3) 8 2.22-2.26 (m, 2H) , 2.29-2.33 (m, 2H) , 3.63 
(s, 3H), 3.99 (t, J = 7.2 Hz, 1H) , 6.05-6.07 (m, 2H, pyH4) , 6.12-6.14 (m 
, 2H, pyH5), 6.58 - 6.62 (m, 2H, pyH2) , 7.78 (br, 2H, NH); 13 C NMR (150 
MHz, CDCI3) 6 29.5, 31.9, 36.9, 51.6, 105.8, 108.1, 117.3, 132.4, 174.0 

o 

[0 15 2] 

5- (l-methylimidazol-2-yl)-10,20-bis(2-methoxycarbonyl ethyl) porphyrin E 

-2 

M7KMgS0 4 2.6 g (22 mmol), paraformaldehyde 0.8 g (20 mmo 1 ) £ ^ffe L tc 
CHClg 500 mL Zmm^V y7&, TFA 0.75 mL (9.8 mmol) SMI 40^^ 
M^MSc^tf , imidazolealdehyde 0.55 g (5.0 mmol), dipyrromethaneE-1 2.3 
5 g (10 mmol) £#Dx.T 50#Jt# b t=. . o£*lC chloranil 3.5 g (14 mmol) 
*T20#r^«?#L£:&i:, HfaMW*T*^^LT TFA 5:^bTMSi 
i±M*L/fe.i/U ^^^^^^(CHClg-CHClS/acetone 9/1 v/v)T' glft©5}Ol/7 4 

l&5:#Abt^"J *^;i/^vA(CHCl 3 )T*^mbfe. ^^^Mfc diethyleth 
er T^tT«fffibfc^^E-2$:#fc(lR*96 mg, I|X5p3.1 %)„ 
[0153] 

^TnmTT^O^MHz , CDCI3) S 1.59 (s, N-CH 3 , W, T.85"(s, 5-imidazolyl , 1 
H), 3.87-3.91 (m, -CHgCOOMe, 4H) , 3.91 (s, -COOCH3, 6H) , 5.42 (s, 3,7-/3 
-pyrrole, 2H) , 5.44 (s, 4-imidazolyl , 1H) , 5.52 (t, J = 8.6 Hz, -CHgCHgC 
OOMe, 4H), 8.95 (d, J = 4.6 Hz, 2, 8-/3 -pyrrole, 2H) , 9.54, 9.74 (d, 4.3 
2 Hz, 12,13, 17,18-/3 -pyrrole, 4H) , 10.29 (s, meso-proton, 1H) . 
MALDI-TOF Mass \> ji (Dithranol) : m/z Found 625.35 (M+H) + , Calcd 62 

4.15 (M + ) 

UV-Vis *K>7 hJV (mm : CHClg) X max/nm : 408, 430, 559, 608 o 

[0154] 

15,15* -Bis {5-(l-methylimidazol-2-yl)-10,20-bis(2-methoxycarbonyl-ethyl)} 
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-porphyrin E-3 (meso-meso bisporphyr in) 

WiM{fc£teZ>M$&tf)l7 4 VyE-2 174 mg (0.27 mmol), I g 39 mg (0.15 mmo 

n& chci 3 90 mL tzmmis, sftm&m^vyyzfi^mmmm^tLLfr. z. 

(Dmmz AgPFg 47 mg (0.18 mmol)© acetoni tr i le^fjt^ h , ^MT* 

t/V *y;i/*^A(CHCl 3 /acetone 9/1 v/v)3Etf? V>n-hexanae^gfe#t* 
SittSW©^ V&tMi^;^^ y >E-3&#fc(J&S74 mmol, JR^49%) 0 
[0 15 5] 

X H NMR (270 MHz, CDCI3) 5 -2.17 (s, NH, 4H) , 3.53 (s, N-CHg + -CH 2 C00Me 
, 6H + 8H), 3.70 (d, J = 3.24 Hz, -COOCHg, 6H) , 5.33 (m, -CHgCHgCOOMe , 8 
H), 7.56 (d, J = 1.4 Hz, 5-imidazolyl , 2H) , 7.76 (d, J = 1.4 Hz, 4-imida 
zolyl, 2H), 7.99, 8.14 (d, J = 4.7 Hz, 13,13' ,17,17' -0 -pyrrole, 4H) , 8. 
94 (d, J = 4.1 Hz, 4,4' ,7,7' -0 -pyrrole, 4H) , 9.14 (dd, J = 10.8, 5.1 Hz 
, 12,12' ,18,18' -j3 -pyrrole, 4H) , 9.59 (dd, J = 2.3, 3.0 Hz, 3,3' ,9,9' -/3 
-pyrrole, 4H) . MALDI-T0F Mass b (Dithranol) : m/z Found 1123.82 

(M+H) + , Calcd 1122.45 (M + ) . 
UV-Vis b)V (%$m : CHCI3) X max/nm (©^S) : 413, 453, 526, 596, 6 

55„ 

[0156] 

15,15' -Bis {5-(l-methylimidazol-2-yl)-10,20-bis(2-allyloxycarbonyl-ethyl) 
} -porphyrin E-5 

*K)l7-( U y *?-JI/ X> ftiE-3 21 mg (0.019 mmol)£ toluene/al lylalco 
hoi 10/1 v/v izmML, 10^i(D^X«lE-4 (*# <Z>#?£lCfi£VA-j§r/£ LT& 
MVfto Junzo Otera, Nobuhisa Dan-oh, Hitosi Nozaki, J. Org. Chem. 1991, 
56, 5307-5311) 104 mg (0.19 mmol) ZM?LTtif!M(^XU 80-90 °C)L&#<b 
6B$mm>WLt~. MALDI-T0F MST*:n*-r;!/3S&M/S#5S7 h t=. Z. £ fcfltfg L , 
fcl&mWiZ^rttf Is - * T*mm L T i/ V % V ^ 2±(CZCl 3 / acetone 5/1 v/v 
-* 1/1 v/v, CHClg/acetone 1/1 v/v - CHCWacetone 1/1 v/v + MeOH )IZXW 
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«U E-5&»fc(JR*12 mg, JK^51%) 0 
[0 15 7] 

h NMR (270 MHz, CDClg) 8 -2.16 (s, NH, 4H) , 3.53 (s, N-CHg + -CHgCOOMe 
, 6H + 8H), 3.50 (m, -CHgCOO- 6H) , 3.53 (s, N-CHg, 6H) , 4.62 (m, -COOCH 2 
-, 8H), 5.15 (d, J =10.26 Hz, /S -allyl, 4H) , 5.23 (d, J =2.7 Hz, /3-ally 
1, 4H), 5.29 (m, -CHgCHgCOO-, 8H) , 5.84 (m, a -allyl, 4H) , 7.25 (s, 5-imi 
dazolyl, 2H) , 7.57 (d, J = 1.1 Hz, 4-imidazolyl , 2H) , 7.99, 8.15 (d, J = 
4.7 Hz, 13,13' ,17,17' -0 -pyrrole, 4H) , 8.95 (d, J = 4.3 Hz, 4, 4', 7,7'- 
0 -pyrrole, 4H) , 9.18 (dd, J = 13.5, 4.9 Hz, 12,12' ,18,18' - 0 -pyrrole, 4 
H), 9.59 (dd, J = 2.3, 3.0 Hz, 3,3' ,9,9' -/S -pyrrole, 4H) . 
MALDI-TOF Mass f> JV (Dithranol) : m/z Found 1227.58 (M+H) + , Calcd 

1226.51 (M + ) 0 

[0 15 8] 

15,15' -Bis {5-(l-methyl imidazol-2-yl)-10,20-bis(2-al lyloxycarbonyl-ethyl) 
} -porphyrinatezinc E-6 

7V-s<-Xib E-5 (12 mg) n a*;i/A(20 mL) {C?§ft?U WmWm<D* 

, mm^m^t^^inz^-oxm^mm-B (12 m S )zmr=. a 

MALDI-TOF Mass h JV (Dithranol) : m/z Found 1351.35 (M+H) + , CaTcd 

1350.34 (M + ). 

UV-Vis h;b : CH 2 C1 2 ) X max/nm : 407, 490, 582, 633. 

h;i/ (CH 2 C1 2 1 EX : 490 nm) X gfj/nm (m^3£S) : 670 o 
[0 15 9] 

( i - 2 ) zK;i/7 >c u ymmtmfc&mm 

( 1 - 2 - 1 ) £:g«<Z>#§g 
J*^-f K^f^^. (76X26X1.2 mm, I waking) £30% H 2 0 2 /conc.HCl (10/1, v/v 
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mzmmmmzmmL. 300 °c, io~ 6 lormmoy^rx^-tcr^o a (mm 

j&gca. 0.3 nm/sec) -£©_t{CAu£200 A (^IB&gca. 0.1 nm/sec) 

mmhtio mmmzo °cizm& mmm) mo fc.s&irsm 

iciir;i//^y jm^^t 'bmmn&mmmm vpc-26o &jgv*fc. ^© 

£ e> C L T ffrfc L F- 1 £ 1- £ 0 

[0 16 0] 

( 1 - 2 - 2 ) g BM»bM#&jK;i/7 -f U >#-^^M(Zn-SAM F-3)tf)f|Sg 
J^TO^-AF a (C^-TM/^fC J; y, fl;<&i»F-3 Zmtc 
[0161] 
lit 5 7 ] 
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[0 16 2] 

^tt^F-l&lO mm x 26 mm(D*lg £ iC^SI U & ^ # J -JIV^^X 

IMTt^ilfe. M^C-3©0.1 mM CH 2 C\ 2 mWl*mmL. TJl^ytfX* 

ffl«I$a7X10%/cm 2 (10" 1() mol/cm 2 ) , 1rteh*>lft 
[0163] 

^iCS=K±T*JK;i/7>f 'J>MIMA^J3I^ofe 0 CHClg 4 mUCffifH 

(CFb-SAMS^ F-2 30#fc I, <b50 °C T^WM b 

£ 0 ^S&CHClg. MeOH, CH 2 Cl 2 ©JlKlC^# U S^»S(£TT?ffi« tJOI/?^ 
U >tCM»«<^ASnfe3l«Zn-SAM F-3£f§fc 0 
[0164] 

( 1 - 2 - 3 ) C60- ZnSAM/Au F-4(Z)f^S^ 

[0 1 6 5 ] , 
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[0 16 6] 

Tltfjiyj V >D-3<D0.1 mM CH 2 C1 2 (20 mM^pyridene^-g-^O^^tC^MT^^W 
CH 2 Cl 2 T'gfe^b, ii^T«lfc„ 3«bfC, 3<7)^££GrubbsM 
(Fluka 09587 Benzyl idene-bis(tr icyclohexyiphosphine)-dichlororutheniu 
m$:iALt^fflUfc. ) (D^WL (Grubbs cat. 0.7 mg , 0.85^11101 in CH 2 Cl 2 
4 mL) iZTJl^ymm^TT'lOftmULT* Zm/TsfiLfoZift-ofr. ^-®^CH 2 C1 
2> MeOH, CH 2 Cl 2 (Z)JIpjC^b, SAM^tg{C«^T * -fe 7* - £ L £»=K(C 

60- ZnSAM/Au) F-4£#fc 0 
[0 16 7] 

( 1 - 2 - 4 ) Antenna-ZnSAM/Au F-5©#|g 
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[0 16 9] 

Wfc F-3$:meso-meso^^bisporphyrin E-6 C01 mM CHgClg (20 mM(Z)pyr idene 
Z&tsmmzmm (1) Stl, S«M5:CH 2 Cl 2 T*^LTpyridineS:^ 
•* Z> Z. £ T*mfc± IZ E-6(D o 1 i gomer & ,$S»fc $ -£ fc „ - © & Gr ubbsftfc&ca ?t 
(Grubbs cat. 0.7 mg , 0.85/ctmol in CHgClg 4 mL) {CT;L'=r>#H^ ( T^l 

o^isjgu (2) *#izi/xfcmzft^r~.&ftteMM&£xf&m%i&x~mmz 

4^TV^^V^porphyrin$:|^^-r'5fe^b^Ci|g^I<7)CH 2 Cl 2 , MeOH, CHgClg^JlitC (3 
) Sfc#U fi*««TTf»g*Lfe. (1) «8t (2) ^^tJ/^ffr, (3) 



8 7 ffifl#2 0 0 3 - 3 0 2 1 7 5 4 
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tfci*©»tfs&l-iM tfrt. UT, r©ig#£^ft5ISj$y^bTi&#S0.153fI,g 

ZnSAM/Au F-5htS 0 
[0 17 0] 
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J U>D-3(Z)0.1 mM CH 2 C1 2 (20 mM©pyridene£^t0^?£lCgi&T*2B#IS?S^, 

(Grubbs cat. 0.7 mg , 0.85 (imo\ + CHgClg 4 mL) JC T;b rf>#H5CT"£10 
#IS!i5U ^^-feS/^MlS&ff ofc.-e©|feCH 2 Cl 2 , MeOH, CH 2 Cl 2 (Z)JliiC^L 
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W Xe^>y©^>^/\^X^e)30 cmtf)£z:3JClgttU IR;fc y h7^;H-|i 

& jilt rait l^. K%<D&mi£&<fc&>\z, z.<Dmn±i^^m^m^m%Lt=. 

„ iz;WC£j£«ft¥H£: LTO.l M Na 2 S0 4 *jiSt, i£ttfi^5~mM methylviologen 
T, *f*g fei:t>*#M^ (Ag/Ag + , CHgCN, tetra-t-butyl 

ammonium perchlorate(TBAP)) ZmWliZU LXmm^M^ZfV > fc^ 
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a-ZnSAM/Au F-5 : ftSSis ; MEH^I : MSfS) &t>*C60-Antenna-ZnSAM/Au 

F-6 : ft«ftE ; : BfSSfE) ©)t«^I^5:gty77 0 

[05] 05H Antenna-ZnSAM/Au F-5 (fijfl : ; 0<% : Btft^S) ft 
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